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(54) Method and apparatus for measuring distance 

(57) A distance measuring apparatus includes a 
wave transmitting device for emitting a transmission 
wave. A wave receiving device is operative for receiving 
a reflection wave, which results from reflection of the 
transmission wave by a reflection object, as a reception 
wave. A time difference measuring device Is operative 
for measuring a time difference between a moment at 
which the wave transmitting device emits the transmis- 
sion wave and a moment at which the wave receiving 
device receives the reception wave. A distance calculat- 
ing device is operative for calculating a distance to the 
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reflection object on the basis of the time difference cal- 
culated by the time difference measuring device. An 
error conrecting device is operative for detecting a time 
interval during which a signal level of the reception wave 
remains higher than a predetermined threshold level, 
and for correcting an error In the calculated distance to 
the reflection object on the basis of the detected time 
interval, the error being caused by a difference in inten- 
sity of the reception wave. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

Ttiis invention relates to a method of measuring a 
distance vrhich uses wava This invention also relates to 
an apparatus for measuring a distance which uses 
wave. 10 

Description of the Prior Art 

Some distance measuring apparatuses emit wave 
toward an object, and receive reflected wave or echo 
wave from the object. The dstance measuring appara- 
tuses detect the time difference (the time interval) 
between the moment of the emission of wave and the 
moment of the reception of echo wave (reflected wave), 
and calculate the distance to the object on the basis of 
the detected time difference. For example, a train of 
pulses of light wave or millimeter radio wave is used as 
emitted wave. 

In general, the accuracy of a decision as to the 
moment of the reception of echo vrave tetxis to 
decrease as the intensity of echo wave drops. An inac- 
curate decision as to the moment of the reception of 
echo wave results in an inaccurate measurement of the 
distance to the object. 

C*l U4I4A D\/ TCIC IKI\/CKITI/^M 

i » ^ ■ w. . 

It is an object of this invention to provide an 
improved method of measuring a distance. 

It is another object of this invention to provide an 
improved apparatus for measuring a distance. 

A first aspect of this inverttion provides a distance 
measuring apparatus comprising wave transmitting 
means for emitting a transmission wave; wave receiving 
means for receiving a reflection wave, which results 
from reflection of the transmission wave by a reflection 
object, as a reception wave; time difference measuring 
means for measuring a time difference between a 
moment at which the wave transmitting means emits the 
transmission wave and a moment at which the wave 
receiving means receives the reception wave; distance 
calculating means for calculating a distance to the 
reflection object on the basis of the time difference cal- 
culated by the time difference measuring means; and 
error correcting means for detecting a time interval dur- 
ing which a signal level of the reception wave remains 
higher than a predetermined threshold level, and for 
correcting an error in the calculated distance to the 
reflection object on the basis of the detected time inter- 
val, the error being caused by a difference in intensity of 
the reception wave. 

A second aspect of this invention is based on the 
first aspect thereof, and provides a distance measuring 
apparatus wherein the error correcting means com- 



prises time interval calculating means for calculating the 
time interval during which the agnal le/el of the recep- 
tion wave remains higher than the predetermined 
threshold level; and time difference correcting means for 
ooaecting the time d'tfference. measured by tiie time dif- 
ference measuring means, on the basis of the calcu- 
lated time interval. 

A third aspect of this invention is based on the first 
aspect thereof, and provides a distance measuring 
apparatus wherein the error correcting means com- 
prises time interval calculating means for calculating the 
time interval during which the signal level of the recep- 
tion wave remains higher than the predetermined 
threshold level; and distance correcting means for cor- 
recting the distance to the reflection object, which is cal- 
culated by the distance calculating means, on the basis 
of the calculated time interval. 

A fourth aspect of this invention is based on the 
second aspect thereof, and provides a distance meas- 
uring apparatus wherein the time interval calculating 
means comprises signal level judgment means for 
inputting a signal of the reception wave into the time dif- 
ference measuring means white the signal level of the 
reception wave remains higher than the predetermined 
threshold level. 

A fifth aspect of this invention is based on the sec- 
ond aspect thereof, and provides a distance measuring 
apparatus wherein the time difference correcting means 
comprises reference time difference calculating means 
for calculating a second time difference between the 

^*4 u/Ot/A arvH A 

middle point in the time interval during which the signal 
level of the reception wave remains higher than the pre- 
determined threshold level; and means for correcting 
the time difference, measured by the time difference 
measuring means, on the basis of the calculated sec- 
ond time difference. 

A sixth aspect of this invention is based on the sec- 
ond aspect thereof, and provides a distance measuring 
apparatus wherein the time difference correcting means 
comprises means for detecting a second time difference 
between the moment of emission of the transmission 
wave and a moment at which the signal of the reception 
wave rises or drops to the predetermined threshold 
level; and means for correcting the time difference, 
measured by the time difference measuring means, on 
the basis of the calculated second time difference. 

A seventh aspect of this invention is based on the 
fourth aspect thereof, and provides a distance measur- 
ing apparatus further comprising second signal level 
judgment means having a second predetermined 
threshold level higher than the previously-indicated pre- 
determined threshold level; and means for correcting 
the time difference, measured by the time difference 
measuring means, on the basis of a time interval during 
which the signal of the reception wave remains higher 
than the second predetermined threshold level. 

An eighth aspect of this invention provides a 
method of measuring a distance which comprises the 
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steps of detecting a time difference between a nx>ment 
of emission of a transmission wave arxj a moment of 
reception of a reflection wave as a reception wave which 
r^lts from reflection of the transmission wave by a 
reflection object; calculating a distance to the reflection 5 
object from the detected time differerce; detecting a 
time interval during which a signal level of the reception 
wave remains higher than a predetermined threshold 
level; and correcting the calculated distance to the 
reflection object on the basis of the detected time inter- w 
val. 

A ninth aspect of this invention is based on the 
eighth aspect thereof, and provides a method wherein 
the time difference is corrected into a correction-result- 
ant time difference on the basis of the time interval dur- is 
ing which the signal level of the reception wave remains 
higher than the predetermined threshold level, and the 
distance to the reflection object is calculated on the 
basis of the correction-resultant time difference. 

A tenth aspect of this invention is based on the 20 
eighth aspect thereof, and provides a method wherein 
detection is made as to a second time difference 
between the moment of emission of the transmission 
wave and a middle point in the time interval during 
which the signal level of the reception wave remains zs 
higher than the predetermined threshold level, and the 
second time difference is corrected on the basis of the 
time interval. 

An eleventh aspect of this invention is based on the 
tenth aspect thereof, and provides a method wherein 30 
the secnnri time rtifferenre hotwoon the mornom 
emission of the transmission wave and the middle point 
is corrected to be equal to a time difference between the 
moment of emission of the transmission wave and a 
moment at which the signal level of the reception wave as 
reaches a maximum level. 

A twelfth aspect of this invention is based on the 
eighth aspect thereof, and provides a method wherein 
detection is made as to a second time difference 
between the moment of emission of the transmission 40 
wave and a moment at which the signal of the reception 
wave rises or drops to the predetermined threshold 
level, and the second time difference is corrected on the 
basis of the time interval. 

A thirteenth aspect of this invention is based on the 45 
twelfth aspect thereof, and provides a method wherein 
the second time difference between the moment of 
emission of the transmission wave and the moment at 
which the signal of the reception wave rises or drops to 
the predetermined threshold level is corrected to be so 
equal to a time difference between the moment of emis- 
sion of the transmission wave and a moment at which 
the reception virave starts to rise. 

A fourteenth aspect of this invention is based on the 
eighth aspect thereof, and provides a method wherein a ss 
second predetermined threshold level is higher than the 
previously-indicated predetermined threshold level, and 
the time difference is corrected on the basis of a time 
interval during which the signal of the reception wave 



remains higher than die second predetermined thresh- 
old lorel. 

A f'tfteenth aspect of this invention provides an 
apparatus for measuring a distance to an object which 
comprises first means for emitting a forward wave 
toward the object; second means connected to the first 
means for detecting a first moment at which the first 
means emits the fonvard wave toward the object; third 
means for receiving an echo wave coming from the 
(*ject. and for converting the echo wave into a corre- 
sponding electric signal, the echo wave resulting from 
reflection of the fonvard wave by the object; fourth 
means for deciding whether or not a level represented 
by the electric signal generated by the third means is 
higher than a predetermined threshold level; fifth means 
responsive to a result of the deciding by the fourth 
means for detecting a second moment at vrhich the level 
represented by the electric signal increases across the 
predetermined threshold level; sixth means responsive 
to the result of the deciding by the fourth means for 
detecting a time interval during which the level repre- 
sented by the electric signal remans higher than the 
predetermined threshold level; seventh means for esti- 
mating a tiiird moment at which the echo wave reaches 
the third means, in response to the second moment 
detected by the fifth means and the time interval 
detected by the sixth means; eighth means for calculat- 
ing a time difference between the first moment detected 
by the second means and the third moment estimated 
by the seventh means; and ninth means for measuring 

♦Hn Hictei'V'o In ♦fta in rAcnnnco Vi 4in^a HiHor- 
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ence calculated by the eighth means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a time-domain diagram of examples of a 
voltage of an electric signal in a first prior-art distance 
measuring apparatus. 

Fig. 2 is a time-domain diagram of examples of a 
voltage of an electric signal in a second prior-art dis- 
tance measuring apparatus. 

Fig. 3 is a block diagram of a distance measuring 
apparatus according to a first embodiment of this inven- 
tion. 

Fig. 4 is a time-domain diagram of examples of a 
voltage of an electric signal in the distance measuring 
apparatus of Fig. 3. 

Fig. 5 is a diagram of the relation between a time 
interval and a corrective time in the distance measuring 
apparatus of Fig. 3. 

Fig. 6 is a flowchart of a segment of a program tor 
controlling a calculating section in Fig. 3. 

Fig. 7 is a time-domain diagram of various signals 
in the distance measuring apparatus of Rg. 3. 

Fig. 8 is a flowchart of a portion of a control pro- 
gram In a distance measuring apparatus according to a 
second embodiment of this invention. 

Fig. 9 is a diagram of the relation between a time 
interval and a corrective distance in the distance meas- 
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uring apparatus accorcfing to the second embodiment of 
this inventioa 

Fig. 10 is a time-domain diagram of examples of a 
voltage of an electric signal in a distance measuring 
apparatus according to a third embodiment of this 5 
invention. 

Fig. 11 is a diagram of the relation between a time 
interval and a corrective time in the distance measuring 
apparatus according to the third embodiment of this 
invention. io 

Rg. 12 is a flowchart of a portion of a control pro- 
gram in the distance measuring apparatus according to 
the third embodiment of this invention. 

Fig. 13 is a block diagram of a distance measuring 
apparatus according to a fourth embodiment of this i5 
invention. 

Fig. 14 is a fme-domain diagram of an example of 
a voltage of an electric signal in the distance measuring 
apparatus of Fig. 13. 

Fig. 15 is a flowchart of a segment of a program for 20 
controlling a calculating section in Fig. 13. 

Fig. 16 is a time-domain diagram of various signals 
in the distance measuring apparatus of Rg. 13. 



DESCRIPTION I 
MENTS 



)F THE PREFERRED EMBODI- 



Prior-art distance measuring apparatuses will be 
explained hereinafter for a better understanding of this 
invention. 30 

A iiisi p< ioi-arl uioiorica rMcaSuring cppcr^tuc omits 
a pulse of wave toward an object and receives a 
reflected pulse or an echo pulse of wave. The first prior- 
art distance measuring apparatus has a receiver which 
converts the received echo pulse of wave into a corre- 35 
sponding electric signal. The voltage of the electric sig- 
nal depends on the intensity of the received echo pulse 
of wave. 

In Rg. 1 , 'Ll ' denotes a time-domain variation in 
the voltage of the electric signal which corresponds to a 40 
received echo pulse having a relatively high peak inten- 
sity. In addition, *L2” denotes a time-domain variation in 
the voltage of the electric signal which corresponds to a 
received echo pulse having a relatively low peak inten- 
sity. 4S 

The first prior-art distance measuring apparatus 
compares the voltage of Hie electric signal with a prede- 
termined reference voltage (a predetermined threshold 
voltage) VO. The first prior-art distance measuring 
apparatus detects the moment at which the voltage of so 
the electric signal rises to the predetermined reference 
voltage VO. The detected moment is used as the 
moment of the reception of the echo pulse. In the first 
prior-art distance measuring apparatus, the distance 
between the object and the apparatus is calculated on S5 
the basis of the time difference (the time interval) 
between the moment of the emission of the pulse and 
the moment of the reception of the echo pulse. The pre- 
determined reference voltage VO is chosen to prevent 



an adverse influence of noise on the decision as to the 
rrament of the reception of the echo pulse. 

In Fig. 1 , “tO" dexjtes the true moment of the recep- 
tion of echo pulses corresponding to the electric signals 
LI and L2. The electric signal LI which has a relatively 
high peak voltage reaches the predetermined reference 
voltage VO at a moment t1 following the moment tO. The 
electric signal L2 which has a relatively low peak voltage 
reaches the predetermined reference voltage VO at a 
moment 12 following the moment t1 by a time interval 
d1. In this way, the detected moment of the reception of 
an echo pulse is delayed from the true moment thereof. 
In addition, the delay time lengthens as the intensity of 
the echo pulse decreases. 

A second prior-art distance measuring apparatus 
disclosed in Japanese published unexamined patent 
application 3-65678 is similar to the first prior-art dis- 
tance measuring apparatus except for design changes 
indicated hereinafter. 

The second prior-art distance measuring apparatus 
includes first and second comparators Ejected to pre- 
determined reference voltages (predetermined thresh- 
old voltages) VO and VI. respectively As shown in Fig. 
2. the predetermined reference voltage VI is higher 
than the predetermined reference voltage VO by a given 
value AV. Thus, the given value AV is equal to the differ- 
ence between the predetermined reference voltages VO 
and VI. The first comparator detects the moment at 
which the voltage of a received-echo-corresponding 
electric signal reaches the predetermined lower refer- 
anro vnitaoe VO. The secoTid comparator detects the 
moment at which the voltage of the received-echo-cor- 
responding electric signal reaches the predetermined 
higher reference voltage VI. 

In Fig. 2. "LI" denotes a time-domain variation in 
the voltage of the electric signal which corresponds to a 
received echo pulse having a relatively high peak inten- 
sity. In addition, "L2" denotes a time-domain variation in 
the voltage of the electric signal which corresponds to a 
received echo pulse having a relatively low peak inten- 
sity. 

With reference to Fig. 2, the second prior-art dis- 
tance measuring apparatus detects the time difference 
(the time interval) At between the moments detected by 
the first and second comparators. In addition, the sec- 
ond prior-art distance measuring apparatus calculates a 
value "AV/At" equal to the voltage difference AV divided 
by the time difference At. The calculated value "AV/At" 
corresponds to a differential value or a differential coef- 
ficient of the voltage of the electric signal. The second 
prior-art distance measuring apparatus calculates the 
true moment tO of the reception of the echo pulse on the 
basis of the differential value "AV/At". 

In the case where the calculation of the differential 
value "AV/At" is implemented by digital signal process- 
ing, the difference AV between the predetermined refer- 
ence voltages VO and VI is generally set to a value 
great enough to avoid an adverse influence of quantiza- 
tion errors. Also, it is desirable to set the voltage differ- 
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ence AN/ to a great value to avoid an adverse influence 
of noise. 

With reference to Rg. 2, the electric signal L1 which 
has a relatively high peak voltage can reach both the 
predetermined reference voltages N/0 and \/1 . On the s 
other hand, the electric signal L2 whi<^ has a relatively 
low peak voltage can reach the predetermined lower 
referertce voltage N/O only. The electric signal L2 fails to 
reach the predetermined higher reference voltage . 
Therefore, the second prior-art distance measuring w 
apparatus can not normally operate on the electric sig- 
nal L2 having a relatively low peak voltage. 



Rg. 3 shows a distance measuring apparatus 1 
according to a first embodiment of this invention. The 
distance measuring apparatus 1 of Rg. 3 can be used 
as a part of an obstacle recognition system for an auto- 
motive vehicle. x 

With reference to Rg. 3, the distance measuring 
apparatus 1 includes a transmitting and receiving sec- 
tion 3t and a calculating section 33. The transmitting 
and receiving section 31 has a scan mirror arrangement 
35, a tight transmitting lens 37, a senriconductor laser zs 
diode 39, a condenser lens (a light receiving lens) 41 , 
and a photodetector or a photosensor 43. 

The laser diode 39 serves to emit pulses of a for- 
ward laser light beam H toward the scan mirror arrange- 
ment 35. The forward laser light beam H is reflected or 30 

..I - ■ I — _ — ^ ^ rr t- — 
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being emitted via the light transmitting lens 37 into a 
given angular range in front of, for example, a subject 
vehicle. An obstacle or an object (not shovm) exposed 
to the forward laser light beam H causes an echo light ss 
beam or a reflected light beam H. The reflected light 
beam H is guided to photodetector 43 via the light 
receiving lens 41 . The photodetector 43 outputs a signal 
having a voltage depending on the intensity of the 
received light beam H. 4o 

The laser diode 39 is connected to the calculating 
section 33 via a drive circuit 45. The drive circuit 45 
intermittently and periodically activates the laser diode 
39 in response to a control signal (a drive signal) fed 
from the calculating section 33. The intermittent arxf as 
periodical activation of the laser diode 39 results in the 
emission of pulses of a forward laser light beam H from 
the laser diode 39. The scan mirror arrangement 35 has 
a mirror 47 which can be swung or rotated about a shaft 
extending vertically with respect to the subject vehicle, so 
The mirror 47 is actuated by a motor (not shown) pow- 
ered by a motor driver 49. The mirror 47 swings or 
rotates in response to a control signal (a drive signal) 
fed to the motor driver 49 from the calculating section 
33. As the mirror 47 swings or rotates and hence the ss 
angular position of the mirror 47 varies, the direction of 
the forward laser tight beam H is changed so that a 
given angular range in front of the subject vehicle is 
scanned by the forward laser light beam H. 



The output signal of the photodetector 43 is fed via 
a sensitivity time control circuit 51 to a variabie-gain 
amplifier 53, being enlarged by the variable-gain ampli- 
fier 53. In general, the intend of the received light 
beam H is inversely proportional to the cfistance to the 
object (or the obstacle). Accordingly, when the object 
(or the obstacle) has a high reflectivity and exists near 
the subject vehicle, the intensity of the received tight 
beam H tends to be excessively great The sensitivity 
time control drcuit 51 processes the output signal of the 
photodetector 43 to compensate for such a great inten- 
sity of the received light beam H. 

The variable-gain amplifier 53 is connected to the 
calculating section 33 via a D/A (digital-to-analog) con- 
verter 55. The calculating section 33 feeds the D/A con- 
verter 55 with a digital signal representing a designated 
gain. The D/A converter 55 changes the digital signal 
into a corresponding analog signal, and outputs the 
analog signal to the variable-gain amplifier 53. The gain 
of the variable-gain amplifier 53 is controlled at the des- 
ignated gain represented by the output signal of the D/A 
converter 55. The variable-gain amplifier 53 outputs the 
arrplification-resultant signal to a comparator 57 and a 
peak hold circuit 63. In addition, the corrparator 57 is 
fed with a given threshold voltage (a predetermined ref- 
erence voltage) N/3. The comparator 57 compares the 
voltage N/ of the output signal of the variable-gain ampli- 
fier 53 with the given threshold voltage N/3. When the 
voltage N/ of the output signal of the variable-gain ampli- 
fier 53 is higher than the given threshold voltage N/3, the 

w>w<<i^.A4iakwi u cirCwtt 

with a given signal (a light-reception signal) represent- 
ing the reception of a reflected light beam H. 

In addition, the time measurement circuit 61 is 
informed of the drive signal fed to the drive circuit 45 
from the calculating section 33. The time measurement 
drcuit 61 measures the difference between the moment 
of the occurrence of the drive signal and the moment of 
the occurrence of the light-reception signal. The time 
measurement drcuit 61 outputs a signal of the meas- 
ured time difference to the calculating section 33. 

In the time measurement drcuit 61 , the drive signal 
is used as a start pulse PA while the tight-reception sig- 
nal is used as a stop pulse PB. Furthermore, the phase 
difference between the start pulse PA ard the stop 
pulse PB, that is, the time difference therebetween, is 
encoded into a digital signal. The resultant digital signal 
is outputted from the time measurement circuit 61 to the 
calculating section 33. It is preferable that the time 
measurement drcuit 61 can measure a small time dif- 
ference. It is also preferable that if at least two light- 
reception signals successively occur in response to a 
single pulse of the forward laser light beam H, the time 
measurement circuit 61 can measure the time differ- 
ence regarding each of the light-reception signals. 

An example of the time measurement circuit 61 
includes a ring osdilator having an odd number of 
stages. The ring oscillator has an odd number of 
inverter gate delay circuits connected in a ring. Each of 
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the immrter gate delay circuits serves to invert an input 
signal and to output the inversion of the input signal. An 
electrical pulse edge is circulated through the ring. The 
exanple of the time measurement circuit 61 operates 
as follows. When a start putee PA occurs, an electrical s 
pulse edge is started to circulate through the ring. A 
detection is made as to which of the inverter gate delay 
circLdts the electrical pulse edge reaches when a stop 
pulse PB occurs. The re»jlt of the detection represents 
the phase difference between the start pulse PA and the 
stop pulse PB. 

It is preferable that the time measurement circuit 61 
has the function of conecting time resolution to Imple- 
ment accurate time measurement. For example, the 
time measurement circuit 61 includes a full digital circuit 
being responsive to a reference signal (such as a clock 
signal generated by a quartz-crystal oscSlator) and 
implementing conective calculation on a digital basis. 
The time measurement circuit 61 is able to evaluate a 
time (a phase difference between a start pulse PA and a 
stop pulse PB) at a resolution remarkably higher than 
that of a usual clock circuit Accordingly, even if at least 
two light-reception signals successively occur in 
response to a single pulse of the forward laser light 
beam H (that is, even if at least two stop pulses PB suc- 
cessively occur with respect to a single start pulse PA), 
the time measurement circuit 61 can measure the time 
difference regarding each of the light-reception signals. 

The calculating section 33 has information of the 
current angular posKion of the mirror 47. The calculating 
section 33 calculates the distance between the eiiverrf 
vehicle and the obstacle, and the direction of the obsta- 
cle relative to the subject vehicle in response to the 
measured time difference and the related angular posi- 
tion of the mirror 47. The calculating section 33 feeds an 
external device (not shown) with signals (one-dimen- 
sional distance data) representing the calculated dis- 
tance and the calculated direction of the obstacle. 

The peak hold circuit 63 serves to hold a maximal 
voltage of the output signal of the variable-gain amplifier 
53. The peak hold circuit 63 feeds the calculating sec- 
tion 33 with a signal representing the maximal voltage of 
the output signal of the variable-gain amplifier 53. For 
example, the calculating section 33 uses the maximal 
voltage signal In controlling the gain of the variable-gain 
amplifier 53. 

With reference to Rg. 4, the curve L10 denotes an 
example of a time-domain variation in the voltage V of 
the output signal of the variable-gain amplifier 53 which 
occurs in response to a received light beam H having a 
relatively high peak intensity. The cunre L20 denotes an 
example of a time-domain variation in die voltage V of 
the output signal of the variable-gain amplifier 53 which 
occurs in response to a received light beam H having a 
relatively low peak intensity. 

In the case of the voltage variation LI 0, the voltage 
V of the output signal of the variable-gain amplifier 53 
starts to rise from "0" at a moment tOO. Then, the volt- 
age V of the output signal of the variable-gain amplifier 



53 continues to rise until a subsequent moment tp. At a 
moment t1 1 between the moments tOO and tp, the volt- 
age V of the output signal of the variable-gain amplifier 
53 reaches the given threshold voltage V3 applied to the 
comparator 57. At the moment tp, the voltage V of the 
output signal of tire varidale-gain amplifier 53 reactiies a 
maximum level. After the moment tp the voltage V of 
the output sigr»l of the variable-gain amplif ier 53 contin- 
ues to drop from the maximum level. At a moment t12 
following ihe momenl tp. the voltage V of the output sig- 
nal of the variable-gain ampfifier 53 reaches the given 
threshold voltage V3 applied to the comparator 57. The 
time difference (the time interval) between the moments 
t1 1 and t12 is denoted by ’Atr. 

In the case of the voltage variation L20, the voltage 
V of the output signal of the variable-gain amplifier 53 
starts to rise from ”0“ at a moment tOO. Then, the volt- 
age V of the output signal of the variable-gain amplifier 
53 continues to rise untO a subsequent moment tp. At a 
moment 121 between the moments tOO and tp. the volt- 
age V of the output signal of the variable-gain amplifier 
53 reaches the given threshold voltage V3 applied to the 
comparator 57. At the moment tp. the voltage V of the 
output signal of the variable-gain amplifier 53 reaches a 
maximum level. After the moment tp the voltage V of 
the output signal of the variable-gain amplifier 53 contin- 
ues to drop from the maximum level. At a moment t22 
following the rrxxnent tp. the voltage V of the output sig- 
nal of the variable-gain amplifier 53 reaches the given 
threshold voltage V3 applied to the comparator 57. The 
♦■me difference (the time ;rdcr.-l) bchvccn the rricmsnts 
t21 arxf t22 is denoted by ’At2’. 

It is shown in Rg. 4 that the time difference Atl cor- 
responding to the strong received light beam H is 
greater than the time difference At2 corresponding to 
the weak received light beam H. Thus, the time interval 
(for example, the time difference Atl , or the time differ- 
ence At2) during which the voltage V of the output signal 
of the variable-gain amplifier 53 remains higher than the 
given threshold voltage V3 depends on the peak inten- 
sity of a related received light beam H. Specifically, this 
time interval shortens as the peak intensity of the 
received light beam H drops. This time interval length- 
ens as the peak intensity of the received light beam H 
rises. Accordingly, the time intenral (for exarrple, the 
time difference Atl , or the time difference At2) during 
which the voltage V of the output signal of the variable- 
gain amplifier 53 remains higher than the given thresh- 
old voltage V3 represents the peak intensity of a related 
received light beam H. 

Wrth reference to Fig. 4, the middle point between 
the moments til and t12 is denoted by ’tel", and the 
middle point between the moments t21 and 122 is 
denoted by ’tc2". In addition, the time difference (the 
time interval) between the moments tp and tcl is 
denoted by "Aal", and the time difference (the time 
interval) between the moments tp and tc2 is denoted by 
”Aa2". Such a time difference (Aol or Ao2) is referred to 
as a corrective time. 
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There is a certain relation between the above-indi- 
cated corrective time (Aa1 or 6aZ) and the above-indi- 
cated time interval (Atl or At2) representing the 
received light intensity. Specifically, as shofwn in Fig. 5, 
the corrective time monotonically lengthere in accord- s 
ance with an increase in the intensity-representing time 
interval. The presence of such a relation between the 
corrective time arxt the intensity-representing time inter- 
val was experimentally confirmed. Inforn^tion (map 
informatbn) of the relation between the corrective time io 
and the intensity-representing time interval is predeter- 
mined according to. for example, experiments. The pre- 
determined infornration of the relation between the 
corrective time arxt the intensity-representing time inter- 
val is previously stored in a memory such as a ROM is 
within the calculating section 33. 

According to the first embodiment of this invention, 
the corrective time is calculated from the intensity-rep- 
resenting time interval by referring to the map informa- 
tion of the relation therebetween. The moment tp. at a? 
which the voltage V of the output signal of the variable- 
gain amplifier 53 peaks, is estimated by correcting the 
middle point (tcl or tc2) in response to the calculated 
corrective time. It should be noted that as shown in Fig. 

4, the peak moment tp precedes the middle point (tc1 or zs 
tc2) by the corrective time (Aal or A<x2). The distance 
between the subject vehicle and the obstacle is calcu- 
lated on the basis of the time difference (the time inter- 
val) between the moment of emission of pulse light from 
the laser diode 39 and the estimated moment tp at so 
which the voltaoe V of the output signal of fh» variawo- 
gain amplifier 53 peaks. 

The corrective time conpensates for an error in the 
distance measurement which would be caused by a 
change in the peak intensity of a received light beam H. as 
An equal peak point Ip is decided independent of the 
peak intensity of a received light beam H, and the dis- 
tance in question is calculated on the basis of the time 
difference (the time interval) between the light-pulse 
emission moment and the decided peak moment tp. 

The calculating section 33 includes a microcom- 
puter or a similar device having a combination of an [IO 
port, a ROM, a RAM, and a CPU. The calculating sec- 
tion 33 operates in accordance with a control program 
stored in the ROM. Fig. 6 is a flowchart of a segment of 4S 
this control program. The program segment in Fig. 6 is 
reiterated at a given period. 

With reference to Fig. 6, a first step SI 00 of the pro- 
gram segment outputs a start pulse PA to the drive cir- 
cuit 45 and the time measurement circuit 61 . For the so 
drive circuit 45, the start pulse PA corresponds to a con- 
trol signal or a drive signal. The drive circuit 45 activates 
the laser diode 39 in response to the start pulse PA. As 
a result, the laser diode 39 emits a pulse of a forward 
laser light beam H. ' ss 

A step S1 10 following the step SI 00 controls the 
motor driver 49 so that the angular position of the mirror 
47 will vary by a predetermined unit angle. Iterative exe- 
cution of the step S1 10 enables a given angular range 



m front of the subject vehicle to be scanned by the for- 
ward laser light beam H. 

A step S120 subsequent to the step S1 10 derives 
information of the time cfifference (the time interval) AT 1 
from the output signal of the time measurement circuit 
61 . When the voltage V of the output signal of the varia- 
ble-gain amplifier 53 is higher than the given threshold 
voltage V3, the comparator 57 outputs a high-level sig- 
nal to the time measurement circuit 61 . Otherwise, the 
comparata 57 outputs a low-level signal to the time 
measurement drcuit 61 . The output signal of the com- 
parator 57 which is in the high-level sate corresponds to 
a stop pulse PB. The time measurement circut 61 
detects the time interval between the moment of the 
trailing edge of the start pulse PA and the moment of the 
leading edge of the stop pulse PB. and also the time 
interval between the moment of the trailing edge of the 
start pulse PA and the moment of the trailing edge of the 
stop pulse PB. The time difference ATI is equal to the 
time interval between the moment of the trailing edge of 
the start pulse PA and the moment of the leading edge 
of the stop pulse PB. 

A step Si 30 following the step SI 20 derives infor- 
mation of the time difference (the time interval) AT2 
from the output signal of the time measurement circuit 
61 . The time difference AT2 is equal to the time interval 
between the moment of the traOing edge of the start 
pulse PA and the moment of the trailing edge of the stop 
pulse PB. 

A step SI 40 subsequent to the step SI 30 calcu- 






from the time differences ATI and AT2 according to the 
following equation. 



At1=AT2-AT1 (1) 

A step SI 50 following tiie step SI 40 calculates the 
time intenral Atcl (or Atc2) between the moment of the 
trailing edge of the start pulse PA and the middle point 
tcl (or tc2) from the time differences ATI and AT2 
according to the following equation. 

Atcl = (AT2 + ATI )/2 (2) 

A step SI 60 subsequent to the step SI 50 calcu- 
lates the corrective time Aal (or Ao2) from the intensity- 
representing time interval Atl (or At2) by referring to the 
map in Fig. 5. 

A step SI 70 following the step SI 60 corrects the 
time interval Atcl (or Atc2) in accordance with the cor- 
rective time Aal (or Aa2), and thereby calculates the 
time difference Atp between the moment of the trailing 
edge of the start pulse PA and the moment tp at which 
the voltage V of the output signal of the variable-gain 
amplifier 53 peaks. Specifically, the calculation of the 
time difference Atp is carried out by referring to the fol- 
lowing equation. 



Atp = Atcl -Aal (3) 
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A step SI 75 subsecpient to the step SI 70 calcu- 
lates the distance to the object causing the reflected 
light beam H on the basis of the time difference Atp 
SpeciTicalty. the distance in question is given as being 
equal to the time cfifference Atp multiplied by 'dZ' where 
"c" denotes the speed of light 

A step SI 80 following the step SI 75 decides 
whether or not the given angular range in front of the 
subject vehicle has been scanned by the forward laser 
light beam H. that is. whether or not the angular position 
of the mirror 47 has reached a given end position. 
According to a first example, the decision by the step 
SI 80 is carried out in response to the information of the 
control of the motor driver 49. According to a second 
example, the decision by the step SI 80 is carried out by 
counting the number of times of execution of the step 
S1 1 0, and by comparing the counted number of times 
with a predetermined reference number of times. When 
the given angular range in front of the subject vehicle 
has been scanned by the forward laser light beam H, 
the program advances from the step 8180 to a step 
SI 90. Otherwise, the program returns from the step 
SI 80 to the step SI 00. Accordingly, the sequence of the 
steps S100, S1 10. S120. S130, S140, S150, S160. 
SI 70, SI 75, and SI 80 continues to be periodically 
repeated until the given angular range m front of the 
subject vehicle has been scanned by the forward laser 
light beam H. 

The step SI 90 decides whether or not at least one 
data piece of the calculated distance is present. When 
at least uria uala picC.ci Oi me ua’cu'utcd dictcncc tc 
present, the program advances from the step Si 90 to a 
step S210. Otherwise, the program advances from the 
step S190 to a step S200. 

The step S200 stores information of the absence of 
any data piece of the calculated distance. The step 
S200 does not output any data piece of the calculated 
distance to an external device. Alter the step S200, the 
current execution cycle of the program segment ends 
and then the program returns to a main routine. 

When a plurality of data pieces of the calculated 
distances are present, the step S210 separates the data 
pieces Into a group or groups according to the calcu- 
lated distances represented thereby. When only a single 
data piece of the calculated distance is present, the step 
S2 10 does not execute the grouping. 

A step S220 following the step S210 outputs the 
data piece of the calculated distance or the data pieces 
of the calciiated distances in the respective groups (or 
the group) to the external device. After the step S220, 
the current execution cycle of the program segment 
ends arxi then the program returns to a main routine. 

The laser diode 39 emits a pulse of a forward laser 
light beam H each time the angular position of the mirror 
47 is changed by the predetermined unit angle. There- 
fore, the direction of the forward laser light beam H peri- 
odically changes angular step by angular step. For 
example, every angular step corresponds to an angle of 
0.5 degree. The data pieces of the calculated distances 



are associated with the related directions of the fonward 
laser Oght beam H. respectively. According to the oper- 
ation of the step S210. data pieces of calculated dis- 
tances being dose to each other and being assodated 
5 v^th dose directions of the forward laser light beam H 
are placed into a common group. The grouping by the 
step S21 0 prev&its data pieces of calculated distances, 
which are caused by a same obstade (object), from 
being handled as indicating different obstades 
TO (objects). 

The correction based on the relation between the 
intensity-representing time interval (Atl or At2) and the 
corrective time (Aal or Ao2) enables the end of the 
finally-calculated time Interval Atp to be coincident with 
IS the peak moment tp independent of the peak intensity of 
a received light beam H. Accordingly, it is possible to 
prevent the occurrence of an error in the distance meas- 
urement which would be caused by a change in the 
peak Intensity of a received light beam H. 

ZQ With reference back to Fig. 4, the middle point tel is 
ddined in the intensity-representing time interval Atl 
between the moments t1 1 and t1 2. The corrective time 
Aal is used as an indication of an error (a time differ- 
ence) between the peak moment Ip and the middle 
25 point tcl . The step SI 60 in Rg. 6 calculates the correc- 
tive time Aa1 from the intensity-representing time inter- 
val Atl. The step S150 in Rg. 6 calculates the time 
interval Atcl by averaging the time differences (the time 
intervals) ATI and AT2. The end of the time interval 
30 Atcl coincides with the middle point tcl . The end of the 
time differe'’np ati coincides virith the moment til. The 
end of the time difference AT2 coincides with the 
moment t12. Accordingly, errors in the time differences 
AT 1 and AT2 are also averaged so that a higher accu- 
se racy of the distance measurement is available. 

With reference to Rg. 7, the start pulse PA is of the 
negative type. The drive droiit 45 generates a first- 
order drive current in response to the start pulse PA. 
The drive circuit 45 feeds the drive current to the laser 
40 diode 39. The laser diode 39 is activated by the drive 
current. As a result, the laser diode 39 emits a pulse of 
the forward light beam H at a moment substantially the 
same as or Immediately following the moment PA2 of 
the trailing edge of the start pulse PA. At a later rmment 
45 t1 1 , the voltage V of the output signal of the variable- 
gain amplifier 53 rises across the given threshold volt- 
age V3 so that the stop pulse PB starts to occur. At a 
subsequent moment t12, the voltage V of the output sig- 
nal of the variable-gain amplifier 53 drops across the 
so given threshold voltage V3 so that the stop pulse PB 
ends. The time measurement circuit 61 measures the 
time interval AT1 between the moment PA2 of the trail- 
ing edge of the start pulse PA and the moment PB1 of 
the leading edge of the stop pulse PB. Also, the time 
55 measurement circuit 61 measures the time interval AT2 
between the moment PA2 of the trailing edge of the start 
pulse PA and the moment PB2 of the tailing edge of the 
stop pulse PB. 
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Second Embodmant 

A second entxidiment o1 this invention is similar to 
the first embodiment thereof except for design changes 
indicated hereinafter. With reference to Rg. 8, the sec- s 
ond embodiment of this invention indudes steps S330, 
S340, and S350 instead of the steps S160, SI 70. and 
SI 75 in Rg. 6. 

The step S330 in Rg. 8 follows the step SI 50 in Rg. 

6. The step S330 calculates a first distance to the object io 
causing the reflected light beam H on the basis of the 
time difference Atcl between the moment of the trailing 
edge of the start pulse PA and the middle point tcl . Spe- 
ctfically, the first distance in question is given as being 
equal to the time difference Atcl multiplied by "c/2" is 
where "c" denotes the speed of light 

The step S340 follows the step S330. The step 
S340 calculates a corrective distance Apt (or A82) from 
the intensity-representing time interval Atl (or At2) by 
referring to map information in Rg. 9 which indicates a zo 
certain relation therebetween. As shown in Fig. 9, the 
corrective distance Api (or Ap2) increases in accord- 
ance with an increase in the intensity-representing time 
interval Atl (or At2). 

The step S350 follows the step S340. The step 2 S 
S350 corrects the first distance into a second distance 
in response to the corrective distance A^l (or Ap2). 

Alter the step S350, the program advances to the step 
SI 80 in Fig. 6. The second distance prrovided by the 
step S350 is used instead of the distance calculated by so 

U 1 G W I / G it • t 

Third Embodiment 

A third embodiment of this invention is similar to the 35 
first embodiment thereof except for design changes 
indicated hereinafter. 

With reference to Fig. 10, the curve LI 0 denotes an 
example of a time-domain variation in the voltage V of 
the output signal of the variable-gain amplifier 53 (see 4o 
Fig. 3) which occurs in response to a received light 
beam H having a relatively high peak intensity. The 
curve L20 denotes an example of a time-domain varia- 
tion in the voltage V of the output signal of the variable- 
gain amplifier S3 which occurs in response to a received 4s 
tight beam H having a relatively low peak intensity. 

In the case of the voltage variation L10, the voltage 
V of the output signal of the variable-gain amplifier 53 
(see Fig. 3) starts to rise from "0" at a moment tOO. 
Then, the voltage V of the output signal of the variable- so 
gain amplifier 53 continues to rise. At a moment t1 1 fol- 
lowing the moment tOO. the voltage V of the output sig- 
nal of the variable-gain amplifier 53 reaches the given 
threshold voltage V3 applied to the comparator 57 (see 
Fig. 3). After the moment t1 1 , the voltage V of the output ss 
signal of the variable-gain amplifier 53 increases and 
then reaches a maximum level. Subsequently, the volt- 
age V of the output signal of the variable-gain amplifier 
53 continues to drop from the maximum level. At a 



moment t12 following the mom»Tt t1 1 . the voltage V of 
the output signal of the variable-gain amplifier 53 
reaches the given threshold voltage V3 applied to the 
comparator 57. The time difference (the time interval) 
between the moments t1 1 and t12 is denoted by ‘Atl ’. 

In the case of the voltage variation L20, the voHage 
V of the output signal of the variable-gain amplifier 53 
(see Rg. 3) starts to rise from "0" at a moment tOO. 
Then, the voltage V of the output signal of the variable- 
gain arrplifier 53 continues to rise. At a moment t21 fol- 
lowing the moment tOO, the voltage V of the output sig- 
nal of the variable-gain amplifier 53 riches the given 
threshold voltage V3 applied to the comparator 57 (see 
Rg. 3). After the moment t21 , the voltage V of the output 
signal of the variable-gain amplifier 53 increases and 
then reaches a maximum level. Subsequently, the volt- 
age V of the output signal of the variable-gain amplifier 
53 continues to drop from the maximum level. At a 
nfxjment t22 following the moment t21 , the voltage V of 
the output signal of the variable-gain amplifier 53 
reaches the given threshold voltage V3 applied to the 
comparator 57. The time difference (the time interval) 
between the moments t21 and t22 is denoted by *At2'. 

K is shown in Fig. 10 that the time difference Atl 
corresponding to the strong received light beam H is 
greater than the time difference At2 corresponding to 
the weak received light beam H. Thus, the time interval 
(for example, the time difference Atl , or the time differ- 
ence At2) during which the voltage V of the output signal 
of the variable-gain amplifier 53 remains higher than the 

. .... 

sity of a related received light beam H. Specifically, this 
time interval shortens as the peak Intensity of the 
received light beam H drops. This time interval length- 
ens as the peak intensity of the received light beam H 
rises. Accordingly, the time interval (for example, the 
time difference Atl, or the time difference At2) during 
which the voltage V of the output signal of the variable- 
gain amplifier 53 remains higher than the given thresh- 
old voltage V3 represents the peak intensity of a related 
received light beam H. 

With reference to Fig. 10. the time difference (the 
time interval) between the moments tOO and t12 is 
denoted by "AalO". In addHIon, the time difference (the 
time interval) between the moments 100 and 122 is 
denoted by "Ao20". Such a time difference (AalO or 
Ao20) is referred to as a corrective time. 

There is a certain relation between the above-indi- 
cated corrective time (AalO or Ao20) and the above- 
indicated time interval (Atl or At2) representing the 
received light intensity. Specifically, as shewn in Fig. 1 1 , 
the corrective time monotonicaily shortens in accord- 
ance with an increase in the intensity-representing time 
interval. The presence of such a relation between the 
corrective time and the intensity-representing time inter- 
val was experimentally confirmed. Information (map 
information) of the relation between the corrective time 
and the intensity-representing time interval is predeter- 
mined according to, for exarrple, experiments. The pre- 
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determined information of the relation between the 
corrective time arxf the intensity-representir^ time inter- 
val is previously stored in a memory such as a ROM 
within the calculating section 33 (see Rg. 3). 

According to the third embocfiment of this invention, s 
the corrective time is calculated from the intensity-rep- 
resenting time interval by referring to the relation there- 
between. As previou^y explained, at the moment tOO, 
the voltage V of the output signal of the variable-gain 
amplifier 53 Starts to rise from "O'. Such a moment (tOO) ro 
is referred to as a rise starting moment As previously 
explained, at the moment til or t21 following the rise 
starting moment tOO, the voltage V of the output signal 
of the variable-gain amplifier 53 reaches the given 
threshold voltage V3 appGed to the comparator 57. is 
Such a moment (t1 1 or t21) is referred to as athreshold 
reaching moment. The rise starting moment tOO is esti- 
mated by correcting the threshold reat^iing moment 
(t1 1 or t21) in accordance with the calculated corrective 
time. It should be noted that as shown in Fig. 10, the rise zo 
starting moment tOO precedes the threshold reaching 
moment (til or t12) by the corrective time (AalO or 
Aa20). The distance between the subject vehicle and 
the obstacle is calculated on the basis of the time differ- 
ence (the time interval) between the moment of emis- zs 
Sion of pulse light from the laser diode 39 (see Fig. 3) 
and the estimated rise starting moment tOO. 

The corrective time compensates for an error in the 
distance measurement which would be caused by a 
change in the peak Intensity of a received light beam H. 30 
Aui equal risa starting — .cmont tCC \z decided ir^eperid- 
ent of the peak intensity of a received light beam H, and 
the distance in question is calculated on the basis of the 
time difference (the time interval) between the light- 
pulse emission moment and the rise starting moment 3S 

too. 

With reference to Fig. 12, the third embodiment of 
this invention includes steps S230, S240, S250, and 
S260 instead of the steps Si 40, Si 50, SI 60, Si 70, and 
S175inFig. 6. w 

The step S230 in Rg. 12 follows the step SI 30 in 
Fig. 6. The step S230 calculates the intensity-represent- 
ing time interval Atl (or At2) from the time differences 
ATI and AT2 according to the previously-indicted 
equation (1). 4s 

The step S240 follows the step S230. The step 
S240 calculates the corrective time AalO (or Ao20) 
from the intensity-representing time intenral Atl (or At2) 
by referring to the map in Fig. 1 1 . 

The step S250 follows the step S240. The step so 
S250 corrects the time interval ATI in accordance with 
the corrective time AalO (or Aa20), and thereby calcu- 
lates the time difference AtOO between the moment PA2 
of the trailing edge of the start pulse PA and the moment 
(the rise starting moment) tOO at which the voltage V of ss 
the output signal of the variable-gain amplifier 53 starts 
to rise from "0". Specifically, the calculation of the time 
difference AtOO is carried out by referring to the following 
equation. 



AtOO = ATI - AalO (4) 

The step S260 follows the step S250. The step 
S2^ calculates the distance to the object causing the 
reflected light beam H on the basis of the time differ- 
ence AtOO. Spedfically, the distance in question is given 
as bting equal to the time difference AtOO multiplied by 
"c/2" where "c" denotes the speed of light After the step 
S260, the program advances to the step SI 80 in Rg. 6. 

The correction based on the relation between the 
intensity-representing time interval (Atl or At2) and the 
oomective time (AolO or Ao20) enables the end of the 
finally-calculated time interval AtOO to be coincident with 
the rise starting moment tOO independent of the peak 
intensity of a received light beam H. Accordingly, it is 
possible to prevent the occurrence of an error in the dis- 
tance measurement which would be caused by a 
change in the peak intensity of a received light beam H. 

It should be noted that the time difference AT2 may 
be corrected instead of the time difference ATI . 

According to a modification of the third embotfiment 
of this invention, the distance to the object causing the 
reflected fight beam H is calculated on the basis of the 
time difference ATI , and then the calculated distance is 
corrected as in the second embodiment of this inven- 
tion. 

Fourth Embodiment 

A fourth embodiment of this invention is similar to 
the first “rhhodimont fherenf exceol for desion chances 
indicated hereinafter. 

With reference to Fig. 13, the fourth embodiment of 
this invention includes a calculating section 33A and a 
time measurement circuit 61 A instead of the calculating 
section 33 and the time measurement circuit 61 in Fig. 
3. The fourth embodiment of this invention further 
includes a comparator 65. 

A first input terrrdrwl of the comparator 65 receives 
the output signal of the variable-gain amplifier 53. A 
second input terminal of the comparator 65 receives a 
given threshold voltage (a predetermined reference 
voltage) V4, The given threshold vottage V4 is higher 
than the given threshold voltage V3 applied to the com- 
parator 57. The comparator 65 compares the voltage V 
of the output signal of the variable-gain amplifier 53 with 
the given threshold vottage V4. When the voltage V of 
the output signal of the variable-gain amplifier 53 is 
higher than the given threshold vottage V4, the compa- 
rator 65 feeds the time measurement circuit 61 A with a 
given signal (a light-reception signal) representing the 
reception of a reflected light beam H. 

With reference to Fig. 14, the curve L10 denotes an 
example of a time-domain variation in the voltage V of 
the output signal of the variable-gain anplifier 53 (see 
Fig. 13) which occurs in response to a received light 
beam H having a peak intensity. High-frequency noise 
67 tends to be superimposed on the signal voltage L10 
represented by the output signal of the variable-gain 
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amplifier 53. Accortfingly, the noise-added signal volt- 
age has a fluctuation width defined by an envelopa 69. 
The fluctuation width would causa errors in the time 
interval Atl (or AG) and the time differences AT 1 and 
AT2. 

Regarding the voltage variation L10, the voltage V 
of the output signal of the var^e-gain amplifier 53 (see 
Fig. 1 3) increases across the given thre^old voltage V3 
at a moment t1 1 . Then, the voltage V of the output sig- 
nal of the variable-gain amplifier 53 inaeases across 
the given threshold voltage V4 at a moment tT 1 . Subse- 
quently, the voltage V of the output signal of the varia- 
ble-gain amplifier 53 drops across the given threshold 
voltage V4 at a moment f 1 2. 

With reference to Fig. 14. the previously-indicated 
fluctuation width corresponds to a time value d2 at the 
moment t1 1 . In addition, the previoiraty-indicated fluctu- 
ation width corresponds to a time value d3 at the 
moment t'H. Since the increasing slope of the signal 
voltage L10 available at the moment tT 1 is greater than 
that available at the moment t1 1 , the fluctuation time 
width d3 is smaller than the fluctuation time width d2. 
Accordingly, the time interval AT1 between the moment 
of the trailing edge of the start pulse PA and the moment 
tT 1 is less affected by noise than the time interval ATI 
between the moment of the trailing edge of the start 
pulse PA and the moment t1 1 ia Thus, using the time 
interval ATI instead of the time interval AT 1 reduces 
the influence of noise on the distance measurement. 

In the case of a received light beam H having a 

cedi' idtCr.diV/ enrh fho vnHanP V of 

the output signal of the variable-gain amplifier 53 
exceeds the given threshold voltage V4, calculation is 
given of the time interval AT1 between the moment of 
the trailing edge of the start pulse PA and the moment 
tT 1 at which the voltage V of the output signal of the 
variable-gain amplifier 53 increases across the given 
threshold voltage V4. In the case of a received light 
beam H having a peak intensity which is low such that 
the voltage V of the output signal of the variable-gain 
amplifier 53 does not exceed the given threshold volt- 
age V4. calculation is given of the time interval AT1 
between the moment of the trailing edge of the start 
pulse PA and the moment til at which the voltage V of 
the output signal of the variable-gain amplifier 53 
increases across the given threshold voltage V3. 

The calculating section 33A includes a microcom- 
puter or a similar device having a combination of an I/O 
port, a ROM, a RAM, and a CPU. The calculating sec- 
tion 33A operates in accordance with a control program 
stored in the ROM. Fig. 15 is a flowchart of a segment 
of this control program. The program segment in Rg. 15 
is reiterated at a given period. 

With reference to Fig. 15. a first step SI 00 of the 
program segment outputs a start pulse PA to the drive 
circuit 45 and the lime measurement circuit 61 A. For the 
drive circuit 45, the start pulse PA corresponds to a con- 
trol signal or a drive signal. The drive circuit 45 activates 
the laser diode 39 in response to the start pulse PA. As 



a result, the laser (fiode 39 emits a pulse of a forward 
laser light beam H. 

A step S1 10 following the step S100 controls the 
motor driver 49 so that the angular position of the minror 
47 will vary by a predetermined unit angle. Hetalive exe- 
cution of the step Si 1 0 enables a given angular range in 
front of the sutqect vehicle to be scanned by the forward 
laser light beam H. 

A step S120 subsequent to the step S1 10 derives 
information of the time difference (the time intenral) ATI 
from the output signal of the time measurement dreuit 
61 A. When the voltage V of the output signal of the var- 
iable-gain arrplifier 53 is higher than the given threshold 
voltage V3, the comparator 57 outputs a high-level sig- 
nal to the time measurement circuit 61 A. Otherwise, the 
comparator 57 outputs a low-level signal to the time 
measurement dreuit 61 A. The output signal of the com- 
parator 57 which is in the high-level sate corresponds to 
a first stop pulse PB. The time measurement circuit 61 A 
detects the time interval between the moment of the 
trailing edge of the start pulse PA and the moment of the 
leading edge of the first stop pulse PB, and also the time 
interval between the moment ol the trailing edge of the 
start pulse PA and the moment of the trailing edge of the 
first stop pulse PB. The time difference ATI is equal to 
the time interval between the moment of the trailing 
edge of the start pulse PA and the moment of the lead- 
ing edge of the first stop pulse PB. 

A step SI 25 following the step SI 20 derives infor- 
mation of the time difference (the time irrterval) ATI 
from the outout signal of the time measurement circuit 
61 A. When the voltage V of the output signal of the var- 
iable-gain amplifier 53 is higher than the given threshold 
voltage V4. the comparator 65 outputs a high-level sig- 
nal to the time measurement circuit 61 A. Otherwise, the 
comparator 65 outputs a low-level signal to the time 
measurement dreuit 61 A. The output signal of the com- 
parator 65 which is in the high-level sate corresponds to 
a second stop pulse PB'. The time measurement circuit 
61 A detects the time interval between the moment of 
the trailing edge of the start pulse PA and the moment of 
the leading edge of the second stop pulse PB'. and also 
the time interval between the moment of the trailing 
edge of the start pulse PA and the moment of the trailing 
edge of the second stop pulse PB'. The time difference 
AT1 is equal to the time interval between the moment of 
the trailing edge of the start pulse PA and the moment of 
the leading edge ol the second stop pulse PB'. 

A step 8130 subsequent to the step 8125 derives 
information of the time difference (the time interval) AT2 
from the output signal of the time measurement circuit 
61 A. The time differeme AT2 is equal to the time inter- 
val between the moment of the trailing edge of the start 
pulse PA and the moment of the trailing edge of the first 
stop pulse PB. 

A step 8135 following the step 8130 derives infor- 
mation of the time difference (the time interval) AT2 
from the output signal of the time measurement circuit 
61 A. The time difference AT2 is equal to the time inter- 
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val between the moment of the traiing edge of the start 
putee PA and the moment of the trailing edge of the sec- 
ond stop pulse PB'. 

A step Si 37 ajbsequent to the step Si 35 decides 
whether or not both the time differences An and AT2 5 
are present. When both the time cfifferences AT1 and 
AT2 are present the program advances from the step 
SI 37 to a step S140A. Otherwise, the program 
advances from the step Si 37 to a step S140. 

The step S1 40 calculates the intensity-representing io 
time interval Atl (or At2) from the time differences ATI 
and AT2 according to the previously-indicated equation 
(1)- 

A Step S150 follOMring the step SI 40 calculates the 
time interval Atcl (or Atc2) between the moment of the is 
trailing edge of the start pulse PA and the middle point 
tcl (or tc2) from the time differences ATI and AT2 
according to the previously-indicated equation (2). 

A step SI 60 subsequent to the step S150 calor- 
lates the corrective time Aa1 (or Ao2) from the intensity- 2 o 
representing time interval Atl (or At2) by referring to the 
map in Fig. 5. 

A step SI 70 following the step SI 60 corrects the 
time interval Atcl (or Atc2) in accordance with the cor- 
rective time Aa1 (or Ao2), and thereby calculates the zs 
time difference Atp between the moment of the trailing 
edge of the start pulse PA and the moment tp at which 
the voltage V of the output signal of the variable-gain 
amplifier 53 peaks. Specifically, the calculation of the 
time difference Atp is carried out by referring to the pre- 30 
viOuaijr-iruiCoiM ^uaiiCn'i (3). 

A Step S175 subsequent to the step S170 calcu- 
lates the distance to the object causing the reflected 
light beam H on the basis of the time difference Atp. 
Specifically, the distance in question is given as being 35 
equal to the time difference Atp multiplied by *c/2“ where 
‘c" denotes the speed of light After the step SI 75, the 
program advances to a step S180. 

The step S140A calculates the Intensity-represent- 
ing time interval AtT (or At'2) from the time differences 40 
AT'1 and AT2 according to an equation similar to the 
previously-indicated equation (1). 

A step S150A following the step S140A calculates 
the time interval At’cl (or At’c2) between the moment of 
the trailing edge of the start pulse PA and the middle 4S 
point t'cl (or t'c2) from the time differences ATI and 
AT'2 according to an equation similar to the previously- 
indicated equation (2). 

A step Si 60A subsequent to the step Si 50A calcu- 
lates the corrective time Aa'1 (or Aa'2) from the inten- so 
sHy-representing time interval At'1 (or At’2) by referring 
to the map in Fig. 5 or another map predetermined in 
consideration of the given threshold voltage V4. 

A step SI 70A following the step SI 60A corrects the 
time interval At'cl (or At'c2) in accordance with the cor- ss 
rective time Aa'1 (or Aa’2), and thereby calculates the 
time difference At'p between the moment of the trailing 
edge of the start pulse PA and the moment tp at which 
the voltage V of the output signal of the variable-gain 



arrplifier 53 peaks. Spectfically, the calcuteition of the 
time difference At'p is carried out by referring to an 
equation similar to the previously-indicated equation 
(3). 



A step SI 75A subsequent to the step SI 70A calcu- 
lates the distance to the object causing the refined 
fight beam H on the basis of the time difference At)p. 
Specifically, the distance in question is given as being 
equal to the time difference Afp multiplied by *c/2" 
where *c' denotes the speed of light After the step 
SI 75A, the program advances to the step SI 80. 

The step SI 80 decides whether or not the given 
angular range in front of the subject vehicle has been 
scanned by the forward laser light beam H, that is, 
whether or not the angular position of the mirror 47 has 
reached a given end position. According to a first exam- 
ple, the decision by the step S180 is carried out in 
response to the information of the control of the motor 
driver 49. According to a second example, the decision 
by the step SI 80 is carried out by counting the number 
of times of e)®cution of the step S1 10, and by compar- 
ing the counted number of times with a predetermined 
reference nurrtrer of limes. When the given angular 
range in front of the subject vehicle has been scanned 
by the forward laser light beam H, the program 
advances from the step SI 60 to a step SI 90. Other- 
wise, the program returns from the step SI 80 to the 
step SI 00. 

The step SI 90 decides whether or not at least one 
data piece of the calculated distance is present. When 
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present, the program advances from the step SI 90 to a 
step S210. Otherwise, the program advances from the 
step SI 90 to a step S200. 

The step S200 stores information of the absence of 
any data piece of the calculated distance. The step 
S200 does not output any data piece of the calculated 
distance to an external device. After the step S200, the 
current execution cycle of the program segment ends 
and then the program returns to a main routine. 

When a plurality of data pieces of the calculated 
distances are present, the step S21 0 separates the data 
pieces Into a group or groups according to the calcu- 
lated distances represented thereby. When only a single 
data piece of the calculated distance is present, the step 
S210 does not execute the grouping. 

A step S220 following the step S210 outputs the 
data piece of the calculated distance or the data pieces 
of the calculated distances in the respective groups (or 
the group) to the external device. After the step S220, 
the current execution cycle of the program segment 
ends and then the program returns to a main routine. 

With reference to Fig. 1 6, the start pulse PA is of the 
negative type. The drive circuit 45 generates a first- 
order drive current in response to the start pulse PA. 
The drive circuit 45 feeds the drive current to the laser 
diode 39. The laser diode 39 is activated by the drive 
current. As a result, the laser diode 39 emits a pulse of 
the forward light bram H at a moment substantially the 



12 




23 



EP0 782 007 A2 



24 



same as or immediately following the moment PA2 of 
the trailing edge of the start pulse PA. At a later moment 
t11. the voltage V of the output signal of the variable- 
gain amplifier 53 rises across the given threshold volt- 
age V3 so that the first stop pulse PB starts to occur. At 5 
a subsequertt moment t‘1 1, the voltage V of the output 
signal of the varyjle-gain amplifier 53 rises across the 
given threshold voltage V4 so that the second stop 
pulse PB’ starts to occur. At a moment t’12 following the 
moment t'1 1. the voltage V of the output signal of the w 
variable-gain amplifier 53 drops across the given 
threshold voltage V4 so that the second stop pulse PB' 
ends. At a subsequent moment t1 2, the voltage V of the 
output signal ot the variable-gain anplifier 53 drops 
across the given threshold voltage V3 so that the first is 
stop pulse PB ends. The time measurement circuit 61 A 
measures the lime interval ATI between the moment 
PA2 of the trailing edge of the start pulse PA and the 
moment PB1 of the leading edge of the first stop pulse 
PB. Also, the time measurement circuit 61 A measures zo 
the time interval AT2 between the moment PA2 of the 
trailing edge of the start pulse PA and the moment PB2 
of the trailing edge of the first stop pulse PB. In addition, 
the time measurement circuit 61A measures the time 
interval AT'1 between the moment PA2 of the trailing zs 
edge of the start pulse PA and the moment PB'1 of the 
leading edge of the second stop pulse PB'. Also, the 
time measurement circuit 61 A m^sures the time inter- 
val AT2 between the moment PA2 of the trailing edge of 
the start pulse PA and the moment PB'2 of the trailing 30 

As understood from the previous explanation, in the 
case of a received light beam H having a peak intensity 
which is high such that the voltage V of the output signal 
of the variable-gain ampfifier 53 exceeds the given ss 
threshold voltage V4, calculation is given of the time 
interval ATI between the moment of the trailing edge of 
the start pulse PA and the moment t'1 1 at which the volt- 
age V of the output signal of the variable-gain amplifier 
53 inaeases across the given threshold voltage V4. 4o 
Then, the distance in question is measured on the basis 
of the calculated time interval ATI. Accordingly, it is 
possible to reduce the influence of noise on the distance 
measurement. 

45 

Claims 

1 . A distance measuring apparatus comprising: 

wave transmitting means for emitting a trans- so 
mission wave; 

wave receiving means for receiving a reflection 
wave, which results from reflection of the trans- 
mission wave by a r^iection object, as a recep- 
tion wave; ss 

time drfference measuring means for measur- 
ing a time difference between a moment at 
which the wave transmitting means emits the 
transmission wave and a moment at which the 



wave receiving means receives the reception 
wave; 

distance calculating means for calculating a 
distance to the reflection object on the basis of 
the time difference calculated by the time differ- 
ence measuring means; and 
error correcting means for detecting a time 
interval during which a signal level of the recep- 
tion wave remains higher than a predetermined 
threshold level, and for correcting an error in 
the calculated distance to the reflection object 
on the basis of the detected time interval, the 
error being caused by a difference in intensity 
of the reception wave. 

2. A distance measuring apparatus according to claim 
1 , virherein the error correcting means comprises: 

time interval calculating means for calculating 
the time interval during which the signal level of 
the reception wave remains Ngher than the 
predetermined threshold level; and 
time difference correcting means for correcting 
the time difference, measured by the time dif- 
ference measuring means, on the basis of the 
calculated time interval. 

3. A distance measuring apparatus according to claim 

1 , wherein the error correcting means comprises: 

rnoanft fnr /vttnilatinn 

the time interval during which the signal level of 
the reception wave remains higher than the 
predetermined threshold l»rel: and 
distance correcting means for correcting the 
distance to the reflection object, which is calcu- 
lated by the distance calculating means, on the 
basis of the calculated time interval. 

4. A distance measuring apparatus according to claim 

2, wherein the time interval calculating means com- 
prises signal level judgment means for inputting a 
signal of the reception wave into the time difference 
measuring means while the signal level of the 
reception wave remains higher than the predeter- 
mined threshold level. 

5. A distance measuring apparatus according to claim 
2, wherein the time difference correcting means 
comprises: 

reference time difference calculating means for 
calculating a second time difference between 
the moment of emission of the transmission 
wave and a middle point in the time interval 
during which the signal level of the reception 
wave remains higher than the predetermined 
threshold level; and 

means for correcting the time difference, meas- 
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ured by the time difference rrreasuring means, 
on the basis of the calculated second time dif- 
ference. 

6. A (fistance measuring apparatus according to claim 
2, wherein the time difference correcting means 
comprises: 

means for detecting a second time cfifference 
between the momerrt of emission of the trans- 
mission wave and a nwment at which the sig- 
nal of the reception wave rises or drops to the 
predetermined threshold level; and 
means for correcting the time difference, m^- 
ured by the time difference measuring means, 
on the basis of the calculated second time dif- 
ference. 

7. A (fistance measuring apparatus according to claim 
4, further comprising: 

second signal level judgment means having a 
second predetermined threshold level higher 
than the previously-indicated predetermined 
threshold level; and 

means for correcting the time difference, meas- 
ured by the time difference measuring means, 
on the basis of a time interval during which the 
signal of the reception wave remains higher 
than the second predetermined threshold level. 



ntiddle point in the time interval during which the 
signal level al the reception wave remains higher 
than the predetermined threshold level, and the 
second time cfifference is corrected on the basis of 
5 the time interval. 

11. A method according to claim 10, wherein the sec- 
ond time difference between the moment of emis- 
sion of the transnftission wave and the middle point 
10 is corrected to be eqi^ to a time difference 
between the moment of emission of the transmis- 
sion wave and a moment at which the signal level of 
the reception wave reaches a maximum level. 

IS 12, A method according to claim 8, wherein detection is 
made as to a second time difference between the 
moment of emission (]f the transmission wave and a 
moment at which the signal of the reception wave 
rises or drops to the predetermirted threshold level, 
20 and the second time difference is corrected on the 
basis of the time interval. 

13. A method according to claim 12, wherein the sec- 
ond time difference between the moment of emis- 
25 Sion of the transmission wave and the moment at 
which the signal of the reception wave rises or 
drops to the predetermined threshold level is cor- 
rected to be equal to a time difference between the 
moment of emission of the transmission wave and a 
30 moment at which the reception wave starts to rise. 



8. A method of measuring a distance, comprising the 
steps of: 

detecting a time difference between a moment 
of emission of a transmission wave and a 
moment of reception of a reflection wave as a 
recepti(xi wave which results from reflection of 
the transmission wave by a reflection object; 
calculating a distance to the reflection object 
from the detected time difference; 
detecting a time interval during which a signal 
level of the reception wave remains higher than 
a predetermined threshold level; and 
correcting the calculated distance to the reflec- 
tion object on the basis of the detected time 
interval. 

9. A method according to claim 8, wherein the time dif- 
ference is corrected into a correction-resultant time 
difference on the basis of the time interval during 
which the signal level of the reception wave remains 
higher than the predetermined threshold level, and 
the distance to the reflection object is calculated on 
the basis of the correction-resultant time difference. 

1 0. A method according to daim 8, wherein detection is 
made as to a second time difference between the 
moment of emission of the transmission wave and a 



14. A method according to claim 8, wherein a second 
predetermined threshold level is higher than the 
previously-indicated predetermined threshold level, 
and the time difference is corrected on the basis of 
a time interval during which the signal of the recep- 
tion wave remains higher than the second predeter- 
mined threshold level. 

40 15. An apparatus for measuring a distance to an object, 
comprising: 

first means for emitting a fonvard wave toward 
the object; 

second means connected to the first means for 
detecting a first moment at which the first 
means emits the forward wave toward the 
object; 

third means for receiving an echo wave coming 
from the object, and for converting the echo 
wave into a corresptxxfing electric signal, the 
echo wave resulting from reflection of the for- 
ward wave by the object; 
fourth means lor deciding whether or not a level 
represented by the electric signal generated by 
the third means is higher than a predetermined 
threshold level; 

fifth means responsive to a result of the decid- 
ing by the fourth means for detecting a second 
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momeni at which the level represented by the 
electric signal increases across the predeter- 
mined threshold level; 

sixth means re^nsive to the result of the 
deciding by the fourth means for detecting a s 
time interval during whic^ the level represented 
by the electric signal remains higher than the 
predetermined threshold level; 
seventh means for estimating a third moment, 
at which the echo wave reacties the third to 
means, in response to the second moment 
detected by the fifth means arrd the time inter- 
val detected by the sixth means; 
eighth means for calculating a time difference 
between the first moment detected by the sec- ts 
ond means and the third moment estimated by 
the seventh means; and 
ninth means for measuring the distance to the 
object in response to the time difference calcu- 
lated by the eighth means. zo 
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